Earth consists of hard rock layers where water is restricted to secondary permeability, and thus to fractures and the weather zones. Structural geology studies, geologic lineaments and their pattern information are essential for better planning and execution of projects to avoid any natural hazards. Satellite images, aerial photographs and digital elevation models will give lineament information. Recent advances in digital image processing allow such lineament extraction to be accomplished in semi-automatic to fully automatic approaches. The accuracy of extracting lineaments depends strongly on the spatial resolution of the imagery, higher resolution imagery result in a higher quality of lineament map. In this paper, an attempt has been made for Mapping of lineaments and knowledge base preparation using geomatics techniques for part of the Godavari and Tapi Basins, India. A methodology for lineament extraction and the design of a knowledge-based lineament identification system has been proposed for geological aspects of any developmental activity. This methodology might potentially be adopted for the identification of several features of geological or anthropogenic origin. The study results of lineaments and the rose diagrams of the extracted lineaments can be applied to structural geology studies and their applications such as oreforming systems, mineral exploration, petroleum, nuclear energy facility sittings and water resource investigations, groundwater studies and also for finding suitable sites for dams and reservoirs.
INTRODUCTION
Satellite data are very useful in various applications, like astronomy, atmospheric studies, earth observation, communications, navigation, search and rescue. Satellite images, aerial photographs and digital elevation models (DEM) will give lineament information (26, 28) . The identified line features in satellite images, aerial photographs and DEM's may represent natural morphological alignments or those of anthropogenic nature (roads, aqueducts, crops, etc.). Structural discontinuities of rocks and other features related to tectonic activity often results in morphological lineaments (fault scarps, joints, fold axis, etc.; (30) . These lineaments can be expressed as linear valleys, linear slope breaks or linear ridgelines (14).
Hobbs introduced lineament into geology and discussed lineament patterns (7, 8) . Geologic lineament mapping is considered as a very important issue for problem solving in engineering, especially, in site selection for construction (dams, bridges, roads, etc), seismic and landslide risk assessment (36) , mineral exploration (32) , hot spring detection, hydrogeological research, etc. ( 33, 34) .
Lineament identification using geomatics techniques can be achieved by image enhancement techniques (image ration, image fusion, directional edge-detection filters) and a lineament vector map can be produced using manual digitizing techniques (1, 38) . Second, a lineament map may be produced using computer software and algorithms (3, 15, 2, 10, 11, 17) A comparison between the visual and automatic methods for lineament extraction is shown in Table 1 .
Furthermore, edge extraction is not adequate for performing identification of geologic linear features, as they do not consider the inherent geologic information into account. Expert systems (12) and other knowledge-based systems (13) were implemented to overcome problems addressed by edge extraction. The main drawback of these systems was their inefficiency to visualize the identified lineaments in a unified graphical environment.
The study of lineaments has been applied successfully to structural geology studies and their applications such as oreforming systems, mineral exploration, petroleum, nuclear energy facility sittings (19, 40, 41, 25, 18, 15, 24, 1, 38, 42) , water resource investigations, groundwater studies (20, 21, 22, 6, 11) , hazard assessment (4) and geological and other studies (37, 23, 35) .
In this paper, an attempt has been made for mapping of lineaments and knowledge base preparation using geomatics techniques for part of the Godavari and Tapi Basins, India. The study area receives the major part of its rainfall during the Southwest monsoon period. Daily, monthly and annual rainfall in the basin has been analyzed from India Meteorological Department (IMD) data. It is found that rainfall varies temporally and spatially across the study area.
More than 85% of the rainfall takes place during July to September months and annual rainfall in the area varies from 881 mm to 1,395 mm and average annual rainfall is found to be 1,110 mm. When spatial variables are considered, some areas receive 600 mm and some other areas receive 3000 mm annual rainfall.
Temperature in the study area has a range of Max. 39-43 to Min. 15-20, Humidity Max.82-87% to Min. 12-31%. Temperature variation in a year causes a lot of monthly variations in the potential evapotranspiration in the area. Minimum potential evapotranspiration in the area is 30 to 100 mm during January/February and maximum goes up to 400 mm to 450 mm during April/May months.
Theexistingdam in theregioniskoyna on the river koyna with storage capacity of 2,797,400 km 3 and surface area of 11,535 km². The purpose of the dam is mainly hydro electricity.
MATERIALS AND METHODS
DEM from the Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) of study area tiles "N17E73" and "N18E73" of 30 m resolution were used as input for mapping of lineaments and knowledge base preparation using geomatics techniques for part of the Godavari and Tapi Basins, India. (Figure 2 ).
The methodology in this study has been divided into four phases as follows and detailed as below: (1) Data Preparation, (2) Data Processing, (3) Extraction of lineaments, (4) Design of knowledge base system.
Data Preparation
Making a good mosaic requires some planning as their order can help to decide which images should overlay others. ArcGIS's data management tools are used to make a mosaic data set to cover study area.
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Data Processing
The data has been processed / prepared as appropriate thematic maps for their direct / indirect introduction to the knowledge base lineament identification expert system. The derived thematic data is supporting to the mapping / extraction / identification of lineaments and lineament types. 
Extraction of Lineaments
As discussed, there are two common methods for the extraction of lineaments from satellite images:  Visual extraction: At which the user first starts with some image processing techniques to make edge enhancements, using the directional and non-directional filters such as the Laplacian, and Sobel, then the lineaments are digitized manually by the user.
 Automatic extraction: various computer-aided methods for lineament extraction have been proposed. Most methods are based on edge filtering techniques. The most widely used software for the automatic lineament extraction are ERDAS, ENVI and PCI Geomatica.
In this study, PCI Geomatica software has been used for digital analysis and automatic extraction process. The algorithm parameters used for processing are as follows:
 RADI -Radius of filter in pixels  GTHR -Threshold for edge gradient  LTHR -Threshold for curve length  FTHR -Threshold for line fitting error  ATHR -Threshold for angular difference  DTHR -Threshold for linking distance
The algorithm consists of three stages (PCI Geomatica Manual, 2013):
In the first stage, the Canny edge detection algorithm is applied to produce an edge strength image. The Canny edge detection algorithm has three sub steps. First, the input image is filtered with a Gaussian function whose radius is provided by the RADI (Filter Radius) parameter. Then, the gradient is computed from the filtered image. Finally, pixels whose gradient are not the local maximum are suppressed by setting the edge strength to 0.
In the second stage, the edge strength image is thresholded to obtain a binary image. Each ON pixel of the binary image represents an edge element. The threshold value is defined by the GTHR (Edge Gradient Threshold) parameter.
In the third stage, curves are extracted from the binary edge image. This step consists of several sub steps. First, a thinning algorithm is applied to the binary edge image to produce pixel-wide skeleton curves. Then, a sequence of pixels for each curve is extracted from the image. Any curve with a number of pixels less than the value of the LTHR (Curve Length Threshold) parameter is discarded from further processing. An extracted pixel curve is converted to vector form by fitting line segments to it. The resulting polyline is an approximation of the original pixel curve, where the maximum fitting error (distance between the two) is specified by the FTHR (Line Fitting Threshold) parameter. Finally, the algorithm links pairs of polylines that satisfy the following criteria:
 Two end-segments of the two polylines face each other and have similar orientation (the angle between the two segments is less than the value specified by ATHR)
 The two end-segments are close to each other (the distance between the end points is less than the value of DTHR)
The final polylines are saved in a vector segment.
Using above algorithm, the database has been generated for the parameter sets shown in Table 2 . 
Design of knowledge based system
The design of a knowledge-based system that could identify and categorize the geologic and topographic lineaments from the intersecting and non-interest linear segments database generated from automatic process, visual inspection of imageries, toposheets and other related information like slope, aspect, roads etc.
The various procedural stages involved in this knowledgebase system are as follows: 
RESULTS
Knowledge acquired by the geo-data and derived thematic data supporting to the mapping / extraction / identification of lineaments and lineament types has been shown in Figure 3 .
Analysis has been done on the data and the data set "O" is most reliable than data set C1 than data set C2 than data set C3. The reasons may be as follows: For data set "O", the RADI parameter chosen is 5. Because higher values of RADI results in loss of data and joining of lines. For the GTHR parameter lower than the determined region gives plenty of lineaments that appear to be non-geologic. Also values higher than the region yields to poor results with respect to the output number and total length. Hence value 60 was chosen for balance. The LTHR value must not be higher than the region in order not to obtain circular shapes. Below the lower value curvilinear lineaments are eliminated. Hence value 30 was chosen for balance. FTHR parameter chosen as 2 in order to get shorter line segments that better approximate the lineament.The ATHR parameter chosen as 20. By visual inspection, it is found that the ATHR value less than 20 processes disconnected lines while ATHR value higher than 20 processes in polygon shaped lines. The DTHR value determines the maximum distance of two lineaments to be linked. To detect discontinuity sets with high resolution data, it is better to detect lineaments separately. Hence, minimum value of 1 is chosen. The generated database with parameter sets are presented in Figure 4 .
Results of the data base generation using parameter sets are shown in the Table 3 . Directional analysis of the lineaments has been done by rose diagrams and results are presented in Figure 5 .
CONCLUSION
In this paper, an attempt has been made for Mapping of lineaments and knowledgebase preparation using geomatics techniques and expert systems for part of the Godavari and Tapi Basins, India. A methodology for lineament extraction and the design of a knowledge-based lineament identification system provides quite satisfactory results for geological aspects of any developmental activity. Due to its multi-scale feature detection and representation ability, this methodology might potentially be adopted for the identification of several features of geological or anthropogenic origin. The study results of lineaments and the rose diagrams of the extracted lineaments can be applied to structural geology studies and their applications such as ore-forming systems, mineral exploration, petroleum, nuclear energy facility sittings and water resource investigations, groundwater studies and also for finding suitable sites for dams and reservoirs.
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